Purpose of Review Continued evolution of infectious pathogens creates constant monitoring for new infectious diseases and recurrent diseases once presumed to be eradicated. In particular, central nervous system infection in the pediatric population commonly presents in clinical practice and quick diagnosis can result in timely and appropriate treatment. Recent Findings Declining immunizations have rejuvenated diseases in the pediatric population and multi-resistant organisms have created challenges, not only in treatment, but also in diagnosis. CNS infections require quick diagnosis and treatment to prevent life threatening complications, with imaging playing a crucial role in the workup of children. Summary We review the imaging findings of some commonly seen infectious diseases in our pediatric population, as well as more recent appearing pathogens that have been major challenges within the medical community. A quick overview of imaging modalities commonly used in evaluation of CNS infection as well as the risk of stroke in the pediatric population secondary to infection.
Introduction
Central nervous system (CNS) infection in the pediatric population commonly presents in clinical practice and is a major cause of morbidity and mortality. The spectrum of infectious diseases continues to evolve, causing challenges in diagnosis and treatment [1] . Additional factors such as declining immunizations among the pediatric population have rejuvenated diseases such as Measles [2] . Multi-resistant organisms, such as tuberculosis (TB), have also created a complex of challenges, not only in treatment, but also in diagnosis. CNS infections require quick diagnosis and treatment to prevent life threatening complications, with imaging playing a crucial role in the workup of children. While this article is not a comprehensive review of all CNS infection in the pediatric population, we review the imaging findings of some commonly seen neurological infectious diseases. A review of more recent pathogens in the pediatric population, which have been major challenges within the medical community and received a great deal of media attention will also be addressed.
Modalities for Imaging CNS Infection Ultrasound (US)
The role of cranial US is limited in pediatric CNS infection. It is however an excellent, quick and noninvasive modality to assess ventricular size in patients with postinfectious hydrocephalus. Occasionally, findings such as intra cranial calcification, lenticulostriate vasculopathy, leptomeningeal exudate, infarcts and hemorrhagic foci can be seen. Computed Tomography (CT)
CT without contrast does not provide the diagnostic accuracy in rapidly diagnosing CNS infection; however, it is occasionally used in emergent setting to assess feasibility of lumbar puncture and to exclude other obvious differentials diagnoses. Addition of intravenous contrast can improve accuracy in detecting an abscess within the CNS, bony involvement with an extra-axial empyema, or leptomeningeal enhancement in suspected cases of meningitis.
CT Angiography (CTA)
Aneurysm leading to thrombotic emboli is an uncommon cause in children; however, it can be seen in the setting of mycotic aneurysms. CTA is an excellent diagnostic tool for diagnosing mycotic aneurysms, compared to MRA [3] . Similarly, CTA may be the preferred initial modality to assess for post-infectious arteritis and vasospasm, which gives the better contrast resolution over MRA for small vessel involvement. It however also results in radiation exposure and often provides only limited information of the brain parenchyma.
Magnetic Resonance Imaging (MRI)
MRI is the best diagnostic study for determining areas of involvement in the brain and spine and can improve the ability to narrow the differential to a more specific diagnosis. Diffusion weighted imaging (DWI) is the most important sequence in identifying an abscess in addition to T1 postcontrast sequences ( Fig. 1 ) within the parenchyma, extra axial and extra cranial compartments [4] . Restriction of water molecules is visualized on DWI sequences as hyperintense signal, and correlation with the apparent diffusion coefficient (ADC) can determine if a true abscess is present. MRI allows for better diagnosis of an extra-axial empyema ( Fig. 2 ) compared to CT and is also useful in visualizing leptomeningeal enhancement (Fig. 3) . Addition of Magnetic resonance venography is extremely beneficial to assess for complications such as venous sinus thrombosis. In children with concern for spinal cord involvement, MRI is also the best diagnostic study in defining extent of involvement, including assessment for nerve root enhancement. Additional importance of MRI is differentiating involvement of gray vs white matter within the cord, which will be discussed in further detail within the article.
Vessel Wall Imaging (VWI)
One of the common complications of CNS infection includes stroke. Possible mechanisms of underlying infection leading to stroke include promoting systemic procoagulant effects or inflammation of the wall of craniocervical vessels. For this reason, vessel wall imaging is emerging as a new diagnostic tool, which may provide the imaging findings necessary to diagnose inflammatory vessel wall changes. All major MRI manufacturers now provide vessel wall sequences. The majority are based on 3.0 T high-resolution MR imaging of vessel walls using black blood contrast T1 weighted sequences with fat suppression without contrast. Non-contrast MRA of the circle of Willis is also included in the evaluation. Vessel wall imaging provides information regarding vessel wall-like thickening, luminal narrowing, and enhancement.
CNS Infection and Stroke
Cerebral arteriopathy is now the major cause of AIS, with some studies demonstrating arteriopathies in up to 50-80 % of cases [5, 6, 7] . The arteriopathies encompass various entities like focal cerebral arteriopathy (FCA) of childhood, arterial dissection, sickle cell anemia associated arteriopathy, and moya-moya disease, including primary and secondary forms from sickle cell, radiation, neurofibromatosis, and Down syndrome [5, 6, 7] . Recent literature suggests that infection plays a much larger role in AIS than previously documented, with varicella zoster being an established etiology [8] . The arteriopathies also appear to be important as a risk factor for recurrent AIS in children [8] . The infection leading to arteriopathies can be classified as major or mild, with major causes including encephalitis, sepsis, and meningitis, while minor infections include upper respiratory infections (URI), acute otitis media, and viral gastroenteritis. A study of non-neonatal stroke demonstrated a strong correlation of stroke with major or minor infections [9] . The risk factor of infection was more prevalent in the patient cohort than traditional pediatric risk factors such as cardiac disease and hematologic disease. The most common risk factor was an acute minor infection within 4 weeks of the stroke, with URI (33 %) being the most common cause, followed by viral syndromes (26 %) and acute otitis media (19 %) . Additional studies have also documented the role of minor infection as a strong predictive risk factor for arteriopathy leading to AIS [10] . The possible mechanisms suggested by them included an inflammatory-mediated induced prothrombotic state rather than true arterial injury explaining the transient nature of the risk [11] . The vascular effects of infection in Pediatric Stroke (VIPS) Study, which is ongoing, is intended to better define the association of AIS and infection [8] .
Congenital Infections
TORCH (Toxoplasma gondii, Rubella, Cytomegalovirus (CMV), and Herpesviruses) infections constitute the majority of neonatal and perinatal infections, with the more common cause of CNS infection being CMV and Herpes Simplex Virus (HSV). Imaging findings largely depend upon the age of the fetus at the time of insult, as the immune-mediated response contributing to tissue damage at later age is either absent or diminished in the fetus.
Cytomegalovirus (CMV)
CMV is one of the most common congenital/neonatal infections worldwide. Imaging findings are variable depending upon the degree of injury and timing of injury and can include intracranial calcification, ventriculomegaly, white matter disease, neuronal migrational disorders, cerebellar hypoplasia and microcephaly [12] . In the absence of calcification, CT may be normal in a large number of patients [13] . Fetal US, fetal MRI, and immediate postnatal US may be beneficial in early diagnosis [14] . MRI is the best study in evaluating extent of disease and can provide prognostic findings for development in the child [12] .
Calcifications are typically periventricular with a thick and chunky appearance (Fig. 4) . This is the most common imaging finding in congenital CMV [12] with infection during the first trimester. Additional areas commonly involved include the basal ganglia and brain parenchyma, which are usually faint and punctate [12] . The migrational disorders can vary from a spectrum of lissencephaly to pachygyria, to diffuse or focal polymicrogyria [12] with advancing fetal age at the time of infection. Imaging findings commonly encountered in late third trimester or asymptomatic infections include anterior temporal cysts/cystic change and white matter abnormalities [12] . White matter abnormality is usually multifocal with bilateral posterior predominant pattern. In the authors opinion, a combination of findings of anterior temporal cysts, migrational abnormalities, scattered white matter hyperintensities, and clinical evidence of sensorineural hearing loss is virtually diagnostic of congenital CMV infection.
Lymphocytic Choriomeningitis Virus
Lymphocytic choriomeningitis virus, belonging to the arenaviridae family, can lead to both acquired and congenital forms of CNS infection. Congenital infection, usually acquired transplacentally has strong tropism for the brain. Imaging findings significantly overlap with congenital CMV and Toxoplasmosis infections and include microcephaly, periventricular calcifications, hydrocephalus, cerebellar hypoplasia, and migrational abnormalities. Although the exact incidence of the infection is unknown, it is important to consider LCMV infection as a differential to CMV infection [15] . 
Pseudo-TORCH Syndrome
Imaging findings of diffuse and scattered intracranial calcification, particularly periventricular in a neonate or young child is often presumed to be from TORCH infections. It is important to note that other genetic disorders such as Pseudo-Torch syndrome and Aicardi-Goutieres syndrome (AGS) can mimic congenital infections. PseudoTorch syndrome correctly knows as Band-like calcification with simplified gyration and polymicrogyria is an autosomal recessive disorder [16] . Some consider AGS and pseudo-torch syndrome as similar entities at different spectrums.
Herpesviruses
HSV infection in neonates is suggested in *1 out of 3200 deliveries, commonly acquired during delivery, which is not limited to vaginal delivery and can be acquired with caesarian delivery [17, 18] . HSV-2 constitutes 70-80 % of neonatal infections with more morbidity and mortality compared to adult form caused by HSV1. Diffuse bilateral abnormalities were common findings seen in a retrospective analysis of 29 patients, with the thalami being the most common anatomical structure involved [18] . Unlike adults, where temporal lobe involvement is a common finding with sparing of deep gray nuclei, neonatal infection is a more diffuse process suggesting the developing brain is more susceptible to HSV infection. Studies have demonstrated DWI as an important sequence in depicting early CNS involvement, with follow-up imaging demonstrating cystic encephalomalacia (Fig. 5 ) in the regions of reduced diffusion [18] [19] [20] . Other rare findings in HSV-2 have been described in case reports, with significant brainstem involvement, best visualized on DWI [21] .
Zika Virus
There has been a recent outbreak of Zika virus in Latin America, with the greatest number of cases in Brazil as of May 2015, with confirmed reports of the disease from 23 different countries. Zika virus is a mosquito-borne disease, related to Dengue, Yellow fever, and West Nile Virus, spread by the Aedes genus, with the major vector mosquito being the Aedes Aegypti, most commonly found in the southern part of the Unites States. Zika is caused by a RNA virus which is presumed to cause congenital infections acquired during pregnancy. It was first discovered in Uganda in 1947 and is common in Africa and Asia. There also has been reported cases of sexual transmission. The most striking fetal abnormality thought to be linked to Zika virus includes microcephaly [22 • ]. While the imaging data is limited, multiple brain abnormalities have been described: intracranial calcifications, ventriculomegaly, and neuronal migration disorders (lissencephaly and pachygyria), findings very similar to congenital CMV. Other anomalies described include congenital contractures and clubfoot as well as a spectrum of ocular abnormalities [23] . The evidence regarding a causal link between Zika virus infections during pregnancy and congenital CNS malformations is growing, although the available information is not yet sufficient to confirm it [24] . There has not been a pathogen to cause such severe congenital abnormalities during fetal development in the past few decades, possibly making the new mnemonic for congenital infections ZTORCH (Zika, Other such as HIV, Varicella, Syphilis, Toxoplasmosis, Rubella, Cytomegalovirus, Herpes).
In addition, Zika virus has been associated with Guillain-Barre Syndrome. An outbreak occurred in French Polynesia in 2013, a population of 270,000, with 42 reported cases [24] . In January 2016, El Salvador reported a 3fold increase in the number of cases of Guillain-Barre Syndrome. 
Viral Enterovirus D68
Over the past few years, Enterovirus D68 or suspected Enterovirus D68 cases have been of great concern in the medical community [25, 26 • 
In our experience, which correlates with other studies, axial T2 MRI best demonstrated the hyperintense signal, which predominantly involved gray matter (Fig. 6) , extending over multiple vertebral levels [26 • , 28, 29] . The signal abnormality primarily involves the cervical region ( Fig. 7 ) usually without associated enhancement or reduced diffusion. Additional studies have demonstrated abnormalities within the brainstem, however, without supratentorial lesions [29] . In our experience, follow-up imaging within a limited patient population showed improvement without complete resolution and a few demonstrated complete resolution. Additional findings of nerve root enhancement were seen later in the course of disease process [29] .
While these patients had a suspected cause of Enterovirus D68 based on nasopharyngeal secretions and correlating with the outbreaks of respiratory related disease, CSF samples were not consistently positive in the patient population. It remains unclear whether this cluster of cases is a cause of Enterovirus D68 or other possible pathogens. Part of the inconsistency in the CSF samples may be partially due to the difficulty in isolating Enterovirus and possibly the timing of CSF collection during the disease course. It is important to note that these cases present as other viral causes of motor neuron dominant flaccid paralysis, such as poliovirus and Enterovirus A71 encephalomyelitis [26 • , 30-32] .
Measles
While Measles has been a rare disease over the past two decades and according to the CDC, eradicated in 2000, it has made a resurgence, primarily due to increased number of unvaccinated children [2] . The CDC reported 178 cases from January to March 2015, with the largest increased rate of cases in 2014. Given the trend, it is paramount that clinicians are aware of the clinical presentation and radiologists are aware of the imaging findings [33] . Measles presents within the CNS in three different pathways, acute postinfectious encephalitis, acute progressive encephalitis, and subacute sclerosing panencephalitis. Fig. 6 Enterovirus D68: 7-year-old with recent viral infection and lower extremity weakness, lab work suspected for Enterovirus D68. Axial T2 demonstrates T2 hyperintense signal within the cervical cord, primarily involving the gray matter Fig. 7 Enterovirus D68 7-year-old with recent viral infection, fever, and upper extremity paralysis, lab work suspected for Enterovirus D68. Axial and sagittal T2-W images (a, b) demonstrates T2 hyperintense signal within the cervical cord spanning multiple levels, primarily involving the gray matter A review of six pediatric patients with acute Measles encephalitis demonstrated abnormal T2 hyperintensity with widely distributed, multifocal involvement in both cerebral hemispheres with swelling of the cortex [34] . There was also bilateral, symmetrical involvement of the putamen and caudate nucleus, with associated restricted diffusion. Three of the patients demonstrated subacute gyriform hemorrhage and asymmetrical gyriform enhancement.
With Measles is still more common elsewhere in the world, subacute sclerosing panencephalitis (SSPE), a postinfectious neurologic complication of measles, is another manifestation that can present itself in the United States. In particular children who traveled overseas at a young age and adopted children. Diagnosis is usually made based on typical clinical features, EEG findings and abnormal measles titers in CSF. Neuroimaging findings usually include abnormal T2 hyperintense areas predominantly involving the parieto-occipital periventricular and subcortical white matter in the earlier stages progressing to diffuse cerebral and cerebellar atrophy.
Influenza-Associated Encephalitis/Encephalopathy (IAEE)
IAEE is characterized by fever, convulsion, and neurological deficit. The imaging findings consist of symmetric intraparenchymal lesions including the thalami, periventricular white matter, brain stem, and cerebellum [35] . The literature has also reported a reversible lesion in the splenium of the corpus callosum with reduced diffusion, Acute myelopathy of the spine may develop, with imaging depicting a single lesion extending over 2 vertebral segments with mild enhancement [36] . The lesions within the spine are also reversible, with the differential including rotaivirus, measles, and mumps.
Arthropod-Borne Viruses
Arthropod-borne encephalitis viruses represent a significant public health challenge. While belonging to multiple different families of viruses, the infection usually spreads from a bite of an infected arthropod, usually a mosquito or tick lending them the name of Arboviruses. The more common viral infections within this group encountered in North America include the following: West Nile, California encephalitis group, and St. Louis encephalitis. Diagnosis of almost all arbovirus infections is most commonly based on serum and/or CSF serology. MRI findings are often nonspecific in viral encephalitis and have similar imaging findings, including diffusely scattered or confluent areas of T2 hyperintensity with variable mass effect and edema [1] . There maybe associated enhancement, with post T1 post-gadolinium sequences showing diffuse enhancement with leptomeningeal involvement [1, 37] .
Human Immunodeficiency Virus (HIV)/Acquired Immune Deficiency Syndrome (AIDS)
Children with HIV/AIDS encephalopathy without antiretroviral therapy can have severe neurological deterioration with significant imaging findings. The most common locations of high prevalence include the countries of sub-Saharan Africa. In the untreated pediatric population, prevalence of HIV encephalopathy (HIVE) has ranged from 20 to 60 %. HIVE is brain damage and malfunction secondary to HIV-1. The most common imaging findings include global atrophy, white matter signal change with volume loss, and thinning of the corpus callosum [38] [39] [40] .
More advanced imaging such as Diffusion Tensor Imaging (DTI) has shown a decrease in structural connectivity in HIV patients versus controls [41 • ]. Cortical gray matter thickness has also been measured with MRI and shows a thinner cortex in the sensorimotor regions of the brain as well as frontal lobe motor regions [41 • ]. The various modalities and MRI tools have shown that overall volume loss in HIVE is the end result if untreated. With antiretroviral therapy, this is no longer commonly seen in North America.
Bacteria Tuberculosis
Tuberculosis (TB) has remained a common infectious pathogen throughout the world, secondary to acquired immunodeficiency syndrome (AIDS) and multi-drug-resistant TB. 60-70 % of cases are below the age of 20 and is another reason pediatric radiologists and neuroradiologists should be familiar with the imaging findings [42] . Imaging findings within the CNS are widespread and some of the classical findings will be discussed.
Tuberculous meningitis is the most common manifestation within the CNS. The typical findings include basal meningeal enhancement, hydrocephalus, and supratentorial and brainstem infarctions [42, 43] . The leptomeningeal enhancement is typically diffuse involvement of the basal subarachnoid cisterns, as well as involvement over the cerebral convexities, the sylvian fissures, and the tentorium. Hydrocephalus is also common, particularly in the pediatric population, which is secondary to obstruction of CSF absorption in subarachnoid spaces secondary to TB exudate, which would be a communicating type of hydrocephalus. Infarctions secondary to basal meningitis and the exudate lead to panarteritis with secondary thrombosis and occlusion [42, 43] .
Parenchymal tuberculomas usually appear infratentorially in children, however, not limited to this region [42, 43] . Other regions of involvement include the supratentorial brain (Fig. 8) , intrasellar region, brain stem, thalami, basal ganglia, pineal region, and the ventricles. The non-caseating granuloma is usually slightly hypodense on CT with homogenous enhancement of the solid components. The lesions on MRI are T1 hypointense and T2 hyperintense, with homogenous enhancement. Studies have demonstrated in the early stage of these lesions that contiguous vasogenic edema may surround the lesion within the white matter. Solid caseating granulomas demonstrate heterogeneous enhancement in the central portion, whereas the capsule has ring enhancement. Once the tuberculoma proceeds to central liquefaction of caseous material, there is a hypodense core with peripheral enhancement on CT. Central MRI characteristics are similar to the non-caseating stage, with T1 hypointensity and T2 hyperintensity. However, postcontrast demonstrates prominent peripheral enhancement of the lesion. DWI can help distinguish a tuberculoma from a tuberculous abscess, with the abscess demonstrating central reduced diffusion. Additional findings to suggest an abscess include larger in size and multiloculated [4, 42, 43] .
With involvement of the spine, there can be linear or nodular enhancement along the nerve roots with obliteration of the subarachnoid space [42, 43] . Syringomyelia is also a complication of TB, following CSF signal on all sequences and without enhancement.
Fungal
Fungal involvement of the CNS is most commonly seen in immunocompromised children. Imaging characteristics on MRI can be generalized as heterogeneous reduced diffusion or ringlike reduced diffusion with the thin areas of peripheral enhancement [44] . Bacterial abscesses tend to have more homogenous reduced diffusion centrally.
Coccidioidomycosis
The differential diagnosis of TB meningitis includes coccidioidomycosis and cryptococcosis [42] . Cocciodomycosis is more common in the southwest with pulmonary The tuberculoma is T2 hypointense and has ring enhancement. DWI sequence (d) shows multiple associated lenticulostriate infarcts and lack of restricted diffusion confirming a tuberculoma as opposed to an abscess disease the most common presentation. While rare, CNS involvement can have basal meningeal enhancement. CNS involvement of coccidioidomycosis is secondary to lymphohematogenous spread from primary infection in the lungs. Common imaging findings include hydrocephalus, cerebral infarction, vasculitis, abscesses, and spinal arachnoiditis. Communicating hydrocephalus is secondary to obstruction of arachnoid granulations. Spinal cord involvement can extend inferiority along the cord as leptomeningeal enhancement. Vertebral involvement can be seen, leading to epidural extension, with a study demonstrating CNS involvement in 5 of 39 patients with vertebral involvement [44] .
Cryptococcosis
Cryptococcosis is a common fungal infection in the CNS, however, rare in children with most cases seen in adults as demonstrated. Similar imaging findings to coccidioidomycosis include basal meningeal enhancement. Gelatinous pseudocysts may develop in the basal ganglia (Fig. 9) , which is an important diagnostic clue as well as hydrocephalus. Elatinous pseudocysts appear T2 hyperintense with a hypointense ring likely representing methemoglobin blood products in the capsule wall or activated macrophages producing free radicals and paramagnetic susceptibility artifact. There is no post contrast enhancement seen and the lesion may be associated with restricted diffusion [44] .
Conclusion
In general, early diagnosis in fetal development and neonates is best performed with ultrasound, due to lack of radiation and ability to perform without sedation, also repeat imaging can be performed without concern. MRI provides the greatest detail of brain development, injury, and findings not easily seen on CT or US, such as migrational disorders.
Evaluation of myelitis of the spine is demonstrated on MRI with the ability to locate areas of involvement to gray or white matter, which is important in diagnosis of cases such as Enterovirus D68 m which has a predilection to involve the gray matter. It still remains unclear if the cases of flaccid paralysis that appeared during the 2014 winter season, the same time of increased cases of respiratory disease secondary to Enterovirus D68, are truly related. The CDC collected cases from across the United States and the findings suggest a polio-like viral infection, with involvement of the anterior horns of the gray matter, demonstrated as T2 hyperintensity. The clinical presentation and MRI findings together were cases submitted to the CDC and radiologists and clinicians should be aware of these findings, which may help determine the suspected viral pathogen and then allow for vaccination production.
The associated risk of infection and stroke is of great interest. The majority of pediatric stroke cases are idiopathic, and multiple studies have recently demonstrated the association of even mild infection leading to stroke, which may now explain multiple cases of stroke without an etiology. The VIPS study is ongoing and will further elaborate on the associated risk of infection with stroke. It is important for radiologists to offer the most reliable diagnostic testing in cases of suspected stroke, with MRI including nonconventional sequences such as DWI, to best evaluate CNS involvement. More advanced imaging, including vessel wall imaging with MRI show promise and can demonstrate involvement of intracranial arterial vasculature, predisposing to strokes.
Some of the infectious pathogens discussed are still common today, with diseases such as congenital/neonantal CMV still a cause of serious complications during fetal and neonatal development. Radiologists should be aware of the findings in fetal MRI or fetal US, which can help guide parents. Early findings also provide prognostic information, which can be beneficial to the medical team and allow parents know what to expect for their child's development. Other diseases such as Measles once thought to be eradicated have now once again become a player in the world of infectious diseases. Outbreaks across the country have been reported and if not diagnosed early can be lethal in children. In addition, Measles being highly contagious can result in larger outbreaks if not diagnosed and treated, necessitating radiologists to be familiar with this disease, imaging findings, and multiple pathways of CNS involvement.
This article serves an update to radiologists and clinicians on common infectious diseases in the CNS and common imaging findings, while there are many other pathogens, some are more recent that textbooks have not discussed.
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